Abstract There are many large and small public outdoor and indoor swimming pools in Tehran that hundreds of people use, especially on hot summer days. The bacteriological quality of the water of some of these pools was assayed over a period of about one year (2001)(2002). To assess if these swimming pools were a health risk to users, eleven public swimming pools, in the east and northeast of the city, were examined, and the exposed people were monitored. Samples of swimming-pool waters were examined for colony counts, Escherichia coli and coliforms. In addition, Pseudomonas aeruginosa was isolated from nine (81.8%) of those pools. P. aeruginosa grew in seven (63.6%) of the swimming-pool water samples. In two (18.2%) other samples, in addition to P. aeruginosa, high rates of total bacterial count, total coliforms and faecal coliform counts were also found. At the same time, users of the swimming pools were asked to complete a questionnaire. Ear swabs were collected from 179 users with a history of ear problems during the previous two weeks. An adequate control group was chosen randomly from those who never used the investigated pools. P. aeruginosa was isolated from the ear swabs of 142 (79.3%) of the cases, as well as from 4% of the controls. Results were matched for age, sex, duration of time spent in the pools, place of occurrence and other useful information. Investigation of the contaminated swimming pools revealed that chlorination was often inadequate, especially when high numbers of people led to overuse of the pools. Although the results of this research showed that otitis externa was strongly associated with the swimming pools, due to P. aeruginosa, an extensive follow-up study is needed to determine the other possible health risks associated with public pools.
Introduction
Pseudomonas aeruginosa has been described as an environmental bacterium which has a high resistance to mechanical cleansing and flushing as well as to disinfectants and antibiotics (Botzenhart and Ruden, 1987) . The bacterium can inhabit the nasopharynx and lower digestive tract, but is only occasionally associated with disease, primarily as an opportunistic pathogen in immunocompromised hosts (Weisbroth, 1979) . In humans, P. aeruginosa is the second most frequent Gram-negative nosocomial pathogen in hospitals, and has the highest case-fatality rate of all hospital-acquired bacteremias (Botzenhart and Doring, 1993) . It is also the predominant bacterial pathogen in some cases of external otitis, including "swimmer's ear". The bacterium is infrequently found in the normal ear (Krieg and Holt, 1984) . In swimming pools, the primary health effect is otitis externa or swimmer's ear. The condition is characterised by injury, maceration, inflammation, swelling, redness, itching, fluid leakage and pain in the external auditory canal (Seyfried and Cook, 1984) . Risk factors that increase the occurrence of otitis externa in ambient waters include the amount of time spent in the water prior to the reported infection (Seyfried and Cook, 1984) . During 1991 During -1992 , Pseudomonas spp. were the most commonly identified aetiologic agents causing dermatitis, conjunctivitis, or otitis in humans following recreational water exposures (Moore et al., 1993) . Since P. aeruginosa is a very virulent opportunistic pathogen; is becoming increasingly resistant to antibiotics; and also is the most commonly isolated bacterium from ear infections associated with recreational waters, this study investigated the situation in some public swimming pools in areas of Tehran.
Materials and methods
Samples from 11 public swimming pools in east and northeast Tehran were collected from 19 June 2001 to 29 March 2002 for bacteriological examination (APHA, 1998) . Three samples were collected from each of the selected pools during periods of maximum bather load on different days and work shifts. Useful information, such as date and time of sampling, bather load in the pools at any one time, total number of users/d, total water capacity of the pools, average flow rate of filtration of water in the pools and other important tests like water clarity, temperature, pH, and alkalinity of the water, were also recorded at the time of sampling. Microbiological analysis of the samples was done as soon as possible after collection. Free and combined residual chlorine levels were determined at the time of sample collection (APHA, 1998). Heterotrophic bacteria, total coliforms (MPN) and P. aeruginosa (MPN) were measured (APHA, 1998). The ear swab samples prepared from bathers at the swimming pools, as well as controls, were cultured on blood agar plates (37°C) and selective Koser's citrate medium (Krieg and Holt, 1984) . At the same time, users of the swimming pools were asked to complete a questionnaire, with 179 bathers with a history of ear problems in the previous two weeks taking part and providing ear swabs. An adequate control group was chosen randomly from those who never used the study pools.
Results
Samples of water from 11 public swimming pools were examined for total bacterial colony counts, coliforms, faecal coliforms and Pseudomonas aeruginosa. Results of these examinations showed that 9/11 (81.8%) of outdoor and indoor pools were contaminated, while no positive results were detected from any of three samples collected from the two other pools. These uncontaminated swimming pools were both indoors. Also the assays showed that, from the total of 33 samples (from seven outdoor and four indoor pools), 11 (33.3%) and 2 (6%) samples were contaminated with P. aeruginosa respectively (Table 1 ). In addition, coliforms and faecal coliforms were isolated from 5 (15.1%) and 2 (6%) samples of the outdoor pools respectively (Table 1) . None of the samples from the indoor pools showed total or faecal coliforms. Analysis revealed that P. aeruginosa grew alone in seven (63.6%) of the pools, while in the other two (18.2%), in addition to P. aeruginosa, high rates of total bacterial count, total coliforms and faecal coliform counts were also found (Table 1) .
These results of microbiological analysis were then matched with other useful information recorded at the time of sampling. Results of this comparison showed that the average total number of bathers/d in the positive outdoor and indoor pools was 1.7 and 1.1 people/m 2 of the pool (Table 2) . Also the average amounts of water/individual bather, in the outdoor and indoor pools, were 66.6 L and 81.7 L respectively. The average free residual chlorine was 1.3 and 1.7 mg/L for the positive outdoor and indoor pools respectively ( Table 2 ). The average temperatures of the positive outdoor and indoor pool waters were 26.1 and 26.7°C respectively. Finally, the average MPN/100 ml for P. aeruginosa was 18 and 13 in the positive outdoor and indoor pools respectively ( Table 2) . Results of the ear swab samples showed that from the 179 bathers who had ear problems two weeks before the survey, 142 (79.3%) were positive for P. aeruginosa (Table 3 ). In the control group P. aeruginosa was isolated from four ear swabs (4.1%). Comparison of the results for age, sex, duration of time spent in the pools and symptoms of otitis externa in the previous two weeks in both pool users and controls showed that the ages of 96 (64%) and 53 (36%) of the cases were ≤20 and ≥20 years old respectively. Also, 101 (68%) and 48 (32%) of the cases were male and female respectively (Table 3) . Although 32 (21%) and 36 (24%) of the cases spent ≤6 h and ≥12 h per week in the pools, most of them (54%) spent 6-12 h in the swimming pools per week. All P. aeruginosa positive cases had at least one, or more than one, of the symptoms of otitis externa, while only two of the controls with otitis externa had both earache and oedema. Overall, 123 (82%), 95 (64%), 53 (36%) and 8 (5%) had earache, oedema, discharge and hearing-loss symptoms, respectively, during the two weeks before the survey (Table 3) .
Discussion
Findings of this study showed a significant relationship between the Pseudomonas aeruginosa in contaminated pools and otitis externa of the bathers due to the bacterium. These results suggested that bathers visiting the public swimming pools in the city were at substantial risk of otitis externa due to P. aeruginosa. Monitoring of the swimming pools for coliforms, faecal coliforms, P. aeruginosa and also for changes in chemical and physical characteristics showed that the health of bathers also may be at risk from different diseases. Findings of this study showed that the ears of 79.3% of the users of these public swimming pools were contaminated by P. aeruginosa, whereas only 4% of the control group showed the presence of the bacterium. Comparison of the findings of this study for age, sex, duration of time spent in the pools and symptoms of otitis externa could not show 
* positive for P. aeruginosa; Ear = earache; Oed = oedema; Dis = discharge; HL = hearing loss any significant differences between age and sex of the bathers in acquiring otitis externa, but it was shown that the risk factors of otitis externa for the bathers were increased by the amount of time that users spent in the water, and bather load in the pools each day. This meant that the main source of P. aeruginosa in the pools was the bathers themselves. More people and more time spent in the pools caused more contamination and, as a result, it meant a higher risk of bathers acquiring otitis externa. Findings of this study showed that the water quality of the swimming pools was dependent on the efficacy of disinfection, sanitary conditions, the number of bathers in the pools at any one time and the total number of bathers per day. While adequate disinfectant residuals and routine maintenance are the key elements to controlling P. aeruginosa in swimming pools, the main question is why adequate disinfectant residuals could not be maintained in the pools. Answers to this question mainly related to the knowledge of the operators, the economic attitude of swimming pool owners, and the low levels of inspections from the authorities responsible. Maintaining residual chlorine in pools is relatively easy but, even under normal operating conditions, recommended residuals can be quickly dissipated. The efficacy of free and combined available chlorine in swimming pool water is affected by (a) the length of exposure/contact, with longer exposure times producing a greater effect and (b) the temperature of the water at the point of contact/interaction -with higher temperatures of the pool water requiring more free chlorine to be used. The average water temperature of all the positive pools in this investigation was >26°C (Table 2) . Accordingly, more chlorine has to be used to maintain residuals of at least 2 mg/L, but levels in this study were much less than this. The pH of the water can also affect the disinfection efficiency. In all the 11 pools of this study disinfected with chlorine, the pH factor was critical. More acidic water results in more HOCl, a rapid loss of chlorine and less effective chlorination (Butterfield et al., 1943) . The pH of all of the positive pool waters was low and acidic water was formed (Table 2) , resulting in ineffective disinfection.
All of the 11 swimming pools of this study were disinfected using chlorine gas; therefore, each of the hypochlorous acid (HOCl) and hypochlorite ion (OCl -) was formed when reacting with water. Chloramines arise from the reaction of chlorine with nitrogenous compounds (combined chlorine) that have been introduced into the pool from bathers. Although both free and combined chlorine were the disinfectants in the pool waters, combined chlorine was not nearly as powerful a disinfectant as free chlorine. In all of the positive pools, there would have been more combined than free chlorine because of overloading (Table 1) , with bathers being the chief source of nitrogenous compounds. The higher the numbers of bathers, the more ammoniacal nitrogen and organic nitrogen would be discharged to the water and the more combined chlorine would be formed. It is known that hypochlorous acid (HOCl) and hypochlorite ion (OCl -) together form the free chlorine residual but OCl -is about 100× less effective as a disinfectant than HOCl. Although all of the positive pool waters had acidic conditions in which more HOCl was produced, this would have lost its efficacy by (a) the rapid formation of combined chlorine because of overloading and (b) at lower pH more trichloramine is produced. This compound is particularly noticeable because it is volatile and is readily aerated out of the water by agitation, so that much of the applied chlorine is dissipated rapidly. Finally, hypochlorous acid (HOCl) is decomposed under the influence of ultraviolet radiation or sunlight (Hartley, 1989) , a situation relevant for all of the positive outdoor pools.
Conclusions
Investigation of the contaminated swimming pools revealed that chlorination was often inadequate, especially when high numbers of people used the pools. It is essential that these public swimming pools are adequately disinfected. Overloading of the pools should also be avoided, because of the large amount of pollution entering the pools and the excessive load that is usually built up beyond the capacity of the water treatment system. The operators of these public swimming pools should know that the organic load derived from the bathers, together with the impinging sunlight, can quickly lower the amount of free chlorine available in the pool water. Splashing in the pool also serves to increase the loss of chlorine. For those public swimming pools where the bather load is usually high, it is particularly recommended that the water should be monitored closely and the pH and disinfectant levels of the water should be adjusted and maintained at the standard levels. To achieve this, it is essential that the water of these pools should be monitored frequently and continuously, especially when in use. Routine, thorough cleaning of surrounding surfaces that could harbour pathogens will also help to reduce the spread of P. aeruginosa. In addition, public swimming pool operators should require users to shower before entering the water and, where possible, control the number of bathers and their duration of exposure.
Although the results of this research showed that otitis externa was strongly associated with the swimming pools (due to P. aeruginosa), an extensive follow-up study is needed to determine the other possible health risks associated with public swimming pools. Also, the findings of this study implied that stricter bathing water standards should be met at the public swimming pools in the city. The risk of otitis externa due to P. aeruginosa, and other possible illnesses caused by other pathogens, should be minimised and studies must decide if standards can be developed in the city. In addition, in this study P. aeruginosa was isolated from seven of the swimming pool water samples, while no coliforms used as routine indicators could be detected in the samples and only two of the pools showed these routine indicators. There is no general agreement as to the value of examining pool waters routinely for the presence of P. aeruginosa, as this bacterium is widely distributed in the environment and may also be present in or on bathers. However, it seems that further investigations may be needed to study the efficiency of coliforms as the main indicators of microbiological contamination of swimming pools.
